We performed a retrospective evaluation of 29 cats with presumed idiosyncratic adverse cutaneous drug reactions (ACDR). ACDR accounted for 2% of the cats examined by the Dermatology Service over a period of 15 years. No breed, age, sex, or retroviral predilections were found. The most common cutaneous reaction patterns were contact dermatitis, contact otitis externa, allergy-like pruritus, and vasculitis. The most commonly incriminated drugs were amoxicillin clavulanate and chlorhexidine scrub. Drug withdrawal resulted in resolution of the skin eruptions within 2 to 6 weeks in 25 cats, and 12 weeks in 4 cats. Two cats with cefovecin-associated necrotizing vasculitis required additional anti-inflammatory therapy.
Introduction
Adverse cutaneous drug reactions (ACDR) are divided into two categories: dose-dependent or idiosyncratic 6, 14) . With dose-dependent ACDR, the onset and severity of the clinical signs correlate with the dose received by the patient 6, 14) . The clinical signs are known adverse effects of the drug in question or are related to the physical or chemical properties of the parent drug or one of its metabolites. Dose-dependent ACDR are relatively common, predictable, and could happen to any patient. Idiosyncratic ACDR occur independently of dose, and are not directly related to the pharmacologic, physical, or chemical properties of the drug 6, 14) . They are relatively uncommon and unpredictable. The pathomechanisms of idiosyncratic ACDR are not well understood, but an allergic (hypersensitivity) basis is often postulated 6, 14) .
The various theories of drug allergy pathogenesis include the classic hypersensitivity reactions (Types I, II, III, and IV) of Gell and Coombs, the prohapten hypothesis, the danger theory, and the pharmacological interaction concept. These theories are discussed in detail elsewhere 6, 14) .
In 1998 we summarized data on 34 cats with presumed idiosyncratic ACDR reported from 1968 through 1996 11) . Since then another 5 cats with presumed idiosyncratic ACDR have been reported: erythema multiforme (ampicillin) 9) , pemphigus foliaceus (amoxicillin) 9) , self-induced hair loss (valproic acid) 15) , pruritic ulcerative dermatitis of the head (amoxicillin clavulanate) 12) , and sterile pustular dermatitis (cephalexin) 4) . In addition, facial edema or generalized pruritus accounted for 5.7% and 1.9%, respectively, of vaccine-associated adverse events in cats 7) .
The purpose of this article is to report the findings of a retrospective study of an additional 29 cats with presumed idiosyncratic ACDR.
Materials and Methods
A retrospective study was conducted on presumed idiosyncratic ACDR in 29 cats examined by the Dermatology Service of the Cornell University Hospital for Animals (CUHA) over a 15-year period (1997 to 2012) . Medical records were reviewed for the following information: 1. Signalment (breed, age, sex). 2. Cutaneous reaction pattern. 3. F e l i n e l e u k e m i a v i r u s ( F e LV ) a n d f e l i n e immunodeficiency virus (FIV) status. 4. Suspect drug. 5. Time period suspect drug had been administered prior to the onset of ACDR. 6. Time period to resolution of ACDR following cessation of suspect drug. 7. Duration of follow-up after ACDR had resolved.
Diagnosis was based on standard criteria (Table  1) 6) . Skin scrapings, trichography, and cytology were performed, as indicated, to rule-out concurrent parasitic, fungal, or bacterial involvement. Rechallenge with the suspect drug was not performed. Skin biopsies were performed in 4 cats (cases 23, 24, 28, 29). Breed and sex data for the cats with ACDR were compared to those for the general CUHA cat population for the same time period using the relative risk (RR) calculation: RR = data for ACDR cats data for CUHA cats An RR of 2.0 or greater was considered significant.
Results
ACDR was diagnosed in 2% (29 of 1,350 cats) of the feline dermatology cases and 0.1% (29/22,000 cats) of all cats examined at the CUHA over a 15-year period ( Table 2 ). Domestic shorthair cats accounted for 70% (20/29) of the cats with ACDR, and 80% of the CUHA cat population (RR=0.9). ACDR was also diagnosed in domestic longhair (4 cases), Siamese (2 cases), Himalayan (2 cases), and Burmese (1 case) cats.
Males and females accounted for 66% and 34%, respectively, of the cats with ACDR, and for 50% (RR=0.7) and 50% (RR=1.3), respectively, of the CUHA cat population. The sex was not recorded for 2% of the CUHA cat population. The cats ranged from 0.5 to 16 years of age. No cat was FIV-positive, and only one cat (case 21) was FeLV-positive.
The most commonly incriminated drugs were amoxicillin clavulanate (cases 3, 5, 11, 23) and chlorhexidine scrub (cases 1, 9, 26, 27) . Contact reactions accounted for 45% (13/29 cats) of the presumed ACDR: contact dermatitis associated with antiseptic scrub and parasiticidal spot-on products (cases 1, 2, 4, 8, 9, 16, 26, 27) and contact otitis externa associated with otic drop preparations (cases 17-19, 22, 25). Of the presumed ACDR associated with systemic medications, the most common reaction patterns were allergy-like pruritus of the face, pinnae, and paws (cases Table 1 . Diagnostic criteria for adverse cutaneous drug reaction 6) 1. A drug not received previously is given for more than 7 days prior to the onset of the eruption, but repeat drug exposure can result in a more rapid onset of the eruption.
2. The eruption is occurring while the patient is receiving the drug, or the drug has only recently been discontinued.
3. Stopping the drug results in resolution of the eruption, generally within 7 to 14 days.
4. If repeat exposure occurs, a similar eruption occurs.
5.
Other causes for the eruption are ruled out. 6 . Features of the eruption are consistent with a drug eruption and correlate with eruptions the suspect drug is known to cause. 6, 10, 11, 14, 20) and vasculitis (cases 3, 21, 28, 29). One cat (case 23) had a sterile neutrophilic pustulosis affecting the pinnae and pawpads. The eruption resembled pemphigus foliaceus, but acantholytic keratinocytes were not found cytologically or histopathologically.
Fifteen of 29 cats (52%) had prior exposure to the offending drug (cases 2-8, 11, 15-20, 25). One cat (case 29) with a presumed ACDR to cefovecin had been previously treated with another cephalosporin (cefadroxil). All cats had received the offending drugs for at least 7 days prior to the recognition of the ACDR. When the offending drug was stopped, the cutaneous eruption resolved over a period of 2 to 6 weeks in 25 of the cats. These cats received no anti-inflammatory treatment. However, in 4 cats (cases 6, 8, 28, 29), the lesions resolved more slowly over the course of 12 weeks. Two of the cats (cases 28 and 29)which had necrotizing vasculitis ( Figs. 1-4) required treatment with dexamethasone and cyclosporine orally (case 29) or triamcinolone topically (case 28) before the lesions would heal.
The total duration of follow-up after the skin reactions had resolved ranged from 1 to 48 months. Rechallenge with presumed offending drugs was not performed in any of the cases.
Discussion
In general, no specific or characteristic laboratory findings indicate ACDR 6, 14) . Tests such as intradermal testing, patch testing, in vitro lymphocyte blastogenesis (transformation), and dermatopathologic analysis have been performed 6, 8, 10, 14) , but as the sensitivity and specificity of such tests are unknown, such tests are rarely used.
Since the diagnosis of ACDR is often based on the history, a variety of diagnostic algorithms and drug scoring systems have been proposed in humans 1, 2, 8, 10) , and have been modified and applied to dogs 3, 5, 6) .
However, the validity of these drug scoring systems in humans and dogsand presumably catsis questionable 1, 2) , and the systems cannot be relied upon in dogs and cats 6, 14) . The gold standard for the diagnosis of ACDR is rechallenge with the suspected offending drug 6, 11, 14) . However, ethical considerations come into play, and re-exposure could produce a more severe reaction 6, 11, 14) . Hence, we used standard criteria published elsewhere 6, 11, 12) . ACDR accounted for 2% of the cats examined by the Dermatology Service, which is consistent with our previous report 11) . In our study, we found no breed, age, or sex predilections. This is consistent with other reports 6, 11) . Although humans with human immunodeficiency virus (HIV) infection have an increased frequency of idiosyncratic ACDR, we and others 6, 11) found no association of idiosyncratic ACDR with retrovirus infection in cats. Because ACDR can look like any known dermatologic lesions and affect any part of the integument, they can be included in the differential diagnosis of many cutaneous presentations 6, 11, 14) . The most common cutaneous reaction patterns in our study were contact dermatitis or contact otitis externa, and allergy-like symmetrical pruritus (particularly affecting the face and pinnae). These observations are consistent with previous reports 6, 11) .
Many of the drugs incriminated in our study have been previously suspected 6, 11) . To our knowledge, we report for the first time presumed ACDR to 4 topical products (chlorhexidine scrub, fipronil spoton, imidacloprid spot-on, and selamectin spot-on). Topical products usually contain active ingredients (e.g., chlorhexidine, imidacloprid, fipronil) and several other ingredients that serve as surface active agents, vehicles, preservatives, and so forth ( Table 2 ). Hence, it can be very difficult to identify the specific substance or combination of substances responsible for a contact reaction.
We also report for the first time ACDR to 7 systemic medications (cefadroxil, cefovecin, clindamycin, marbofloxacin, spirinolactone, sulfadimethoxineormetoprim, and timentin). The reactions to the cephalosporins, fluoroquinolone, sulfonamide, and synthetic penicillins are not surprising as ACDR to related compounds have been previously reported 6, 11, 14) . The treatment of ACDR includes drug withdrawal and supportive measures 6, 11, 14) . This was successful in 93% (27/29 cats) of our patients. Two cats treated with cefovecin required additional anti-inflammatory therapy before control of the ACDR could be achieved. This is not surprising, as cefovecin is an extended-spectrum cephalosporin with measurable drug levels in blood and urine for at least 3 weeks post-injection 12, 13) Idiosyncratic ACDR in cats and dogs often do not respond well to systemic glucocorticoid therapy until the offending drug is withdrawn 6, 11, 14) . In conclusion, we report 29 cases of presumed idiosyncratic ACDR. As ACDR can mimic virtually any naturally-occurring feline dermatosis, the clinician must always be aware of current drug history when evaluating a cat with skin disease.
